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ARSTRACT The immune system of marine mammals s of comparative inlerest beoause of 1ts
adaptation to the aguatic environment. Little information, however, is available on itz cellular and
molecular components, Heve, we used a cross-reactive antibady to MHC class IT malesules and an
immunoglobulin-specific antiserum for identilving these molecular species on lymphocoytes of the
bottlenosed dolphin, Tersiops frencadue. Limited structural analyses indicated that class IT mole-
e les e i.:|:|rr||,|r|-|,‘:-_|-=li.|||;,:-|,||5|15.' |'|:|'|]-:'|'|||'.':|i|| |'|-:‘:-r.:;|’:i3.I resermble thase of other sertehrates, In the pl_‘:[jpher{l_]
blood of most land mammals both class [T and immunoglebulins are usually found on B but not T
Iymphocytes. Exprezsion of immunaglebuling on dolphin peripheral blood Iymphocyies sugpests o
ratio of B cells to T cells comparable to that of land mammals, Hewever, unlike the majority of land
mammals, virtwally L00% of the peripheral T eells display pronounced expression of class 1T mole-
cules, generally considerod an indication of T cell activation. Tt is therefore possible that the physiol-
ogy of T cell activation has unusual attributes in the dolphin. It is especially interesting that some
larad mammals, namely swine fungelates) and dogs and cats (earnivores), also expross class I mole-
cules on peripheral blood T lymphoeytes, Since ungulates and carnivores are thought to share a
cornmon distant anceatry with toothed whales, the svolutionary history may be more relevant than

the environmental histary in determining Lhese unusual atbrbates,

Many aspects of the immune aystem of terres-
trial mammals are well underatood, particularly in
man and monze, Conversely, very little iz known
about the immune system of marine mammals,
eapecially the totally aquatic cetaceans, This group,
which includes dolphins, porpoises and whales, is of
special interest because they first developed as ter-
restrial mammals, then left the land some 55 to G0
rillion vears ago for life in the water (Gingerich et
al., 23] The cetaceans are thought o have evolved
from primitive insectivores and possibly to have
shared commen anceztors with ungulates and carni-
vores (Blygper, '62). The evolutionary background
brings about the gquestion of what modifications have
gecurred in thelr immune system during the adapta-
tions of theae mammals to life in the ocean.

The cetacean which haz been most readily avail-
able for biomedical studies 15 the hottlenosed dol-
phin, Tursiops fruncatus. The hematology ol this
celacean species has been well studied (Medway and
Creraci, '6d: Ridgwav et al,, "7T00, The animals show
a strong leukooyiic response to infection. Wormal
healthy dolphing have white blood cell counts of
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ahout 10,000/mm? of which approximately 20% are
peripheral blood lymphoeytes (PRL).

A basicquestion to ask 15 whether dolphins, hav-
ing lived in an agquatic environment for milhions of
vears, possess the basie components of the immune
ayatem, namely T and B lymphocyles, and of so, how
the proportions of T and B Ivmphoeytes in dolphins
compars with terresirial mammals,

There are only two stuadies on the classilication of
FEL of dolphins, Mumford et al. (°75) found that dol-
phin (Tursiops truncatius) PBL were stimulated more
by pokeweed (a human B lymphocyte mitogen) than
phytohemagglutinin(a T lvmphocyte mitogen). On
the other hand, Colgrove ('78) found that concana-
valin A (a T cell mitogen) produced a greater
response than either phytohemagglutinin or poke-
weed. A third, more indirect study showed that dol-
phin sera contained more agglutining for human
B lymphocyvtes than for human T Ivmphocytes
(Hoho et al., '831. Mo cell surface markers, howevar,
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were used in these studies. Therefore, no positive
identification of dolphin lvmphocyte aubseta was
possible and, as Cavagnole (79 pointed out, no
attempts have been made to measure the T and B
cell ratio in marvine mammals, Such data are nstead
available for many terreatrial mammals, including
cow (Emery et al., "87; Lewin ot al., "83), pig (Lewin
et al., "85; McCauley and Hartmann, '82; Pescovitz
et al., '84; Baalmuller and Reddehase, "88), horse
{Lewin et al., '85), sheep (Lewin et al., "85), dog
(Turnwald et al., '88), and cat (Kuramochi et al., "87;
Tayvlor, *Th).

In this study, we set out to identify lvmphocvie
subzets in the botilenozed dolphin (Tersiops fram-
catiuz), To this end, we used an antizerum to daol-
phin immunoglobulins which we produced and
characterized, and a monoclonal antibody to human
MHC clazs I molecules which we show crozs-reacts
with the dolphin elass [T homologues.

MATERIALS AND METHODS
Antibodies

The monoclonal antibody Q513, Lo non-poly-
morphic epitopes of human MHC elass 1T molecules
HLA-DE, -DE, and -DG), haz been dezeribed (Quar-
anta et al., "800 The monoclonal antibodies Q2/70,
QEED, 36, and their antigenic determinants on
human class II molecules have been described
iGuaranta et al., '81), The monoclonal antibody
WEA2, to non-polymorphic epitopes of human olass
I molecules (Parham et al., "79), was= a gift from P
Parham {Stanford University, Palo Alto, CA) Anti-
sera to dolphin immunoglobuling (DIg) were gen-
erated as follows, Dlg were purilied from dolphin
serum by precipitation with 50% saturated ammo-
niwm sulfate, followed by ion exchange chromatog-
raphy on DEAR cellulose (Andrew and Titus, S0l
Fabi fragmenta were obtained by pepain digeation
aceording to the protocol of Andrew and Titus (900,
Antizera were raised in rabbits by subcutaneosus
injection of 0.3 mg of Fab2 in complete Freund's
adiuvant (CFAY, followed by 1 mg in CFA every two
weeha thereafter, After the third injection, rabbits
were bled every other week. Antisera were purified
b atfinity chromatography on purified Dlg bound
to Bepharose. Fab2 or Fab fragments from these
purified antibodies or from monoclonal antibodies
were oblained by pepsin digestion al pH 4.0, [ol-
lowed by dialysis against PRS. Donble-immunodif-
Tusion was carried out as described by Horbock (900,

Daolphin biood samples

Blood samples of 20 m] each were obtained from
subjects (hoth male and feamalel of Tursiops frun-

catug on the ventral aspect of the tail atock. Dur
ing the studies the dolphins were elinically healthy
and total white blood cell and total lymphoeyte
counts remained within normal ranges (Medway
and Creract, "64; Ridgway et al., "T0). The blood sam-
ples were mixed with EDTA to prevent coagulation.

Lymphocoyvie isolafion

Fight milliliters of blood were carefully placed
on 4 ml of Fieoll-Paque (Pharmacia) in 15 ml tubes
and centrifuged for 30 min at 1,500 rpm at room
temperature. The recovered mononuclear cell laver
was washed twice with RPMI 1640 supplemented
with 10% fetal bovine serum, 200 mM L-glutamine,
pen-step, 1M Hepes buffer, and 2 mM EDTA, and
then incubated with 017 M ammonium chloride for
lvsing of red blood cellz, The lymphocyvtes were
counted on a hemocyiometer, with trvpan blue ex-
clusion as a measure of viahility (= 890% in all experi-
menta shown ), The cells were then washed twice in
Hank’s balanced salt solution (HBESS5) and reaus-
pended to a final concentration of 0.5 = 10° cells/ml.

Lymphocyte radiolabeling and
immunoprecipitations

For radicactive labeling, lvmphocytes were cul-
tured at 10 ml overnight in methionine-free culture
media, containing 1 mCi'ml **S-methionine. Aiter
wazhing, cells were lveed in non-ionie detergent and
immunoprecipitated as degeribad (Guaranta of al.,
‘HB4). Eluted samples were analveed by SD5-PAGE
tLaemmli, "T01 and two-dimensional gel electrophor
esis (NEPHGE and SDS-PAGE) (O'Farrell et al., 77)
fiollowed by Muorography (Bonner and Laskey, '74),

Indirect innmunofluoreseenese and
FACS analyvses

The lymphocyte suspension was aliquoted in
Eppendor! tubes and centrifuged in an Eppendort
centrifuge at 10,000 rpm for 10 sec. The superna-
tant was aspirated and the cells were inenbated with
50 plof antibody at a concentration of 10 pg'ml for
I h. The cells were washed 32 with HESS before
either rabhit [g-zpecific goat Fab?2 conjugated to Mu-
orescein isothiocyanale (FITC), or mouse [g-specific
gont Fab conjugated to phycoerythrin (PE) second-
ary antibodies was added. Alter 1 h incubation, sam-
ples were washed twice in PRS and fixed in 500 pul
of 19 paraformaldebvde. For double labeling, sam-
ples were sequentially stained first with one anti-
body and the appropriate second label, and then
the other anlibody. Samples were analveed on a Fla-
orescent Activated Cell Sorter (FACS IV, Becton
Dickinzon). Forwardside seatter plots were obtained
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for each aubject. In aome eazes, stained cells were
inspeeted with a fetss microscope, equipped with
epifluorescence. When observed in light micrezcopy,
the majority of cells in the Fieoll preparation pre-
gented a typical lvmphooyte morphology (e,
approximately LO—15 pm indiameter, rounded with
low cytoplasm). Moreover, when collecting FACS
data, lymphoeyiez from cach zubject were gated
bazed on their size and low degree of granularity.
The remaining cells probably represented mono-
cyles and contaminating granulocytes.

Mitogen stimulalion

[solated dolphin PBL were cultured with the mito-
gens, concanavalin A (ConA), and phytohemagglu-
tinin (PHA} for 45 h. The cells were then pulsed
with 50 pl of tritiated thymidine (1 wCi'ml and har
vigled 18 h later. The uptake of tritiated thymidine
was measured on a beta counter and expressed as
counts per minute (cpm).

EESULIS

A monoclonal antibody to monomorphic determi-
nants of hurman MHC class I molecules, Q1S was
tested inimmuneprecipitation vs, detergent lysates
of radiolabeled dolphin PRL. SDE-PAGE readily vis-
walized bwo reactive bands, with relative masses
closely reaembling that of the o (M, = 34,000) and
BiM, = 29,00 chains of human class [T molecules
(Fig. 1), Under non-reducing conditions, the M, =
29,000 band migrated [aster, a tvpical behavior of
class [I @ chains. These results indicated that
monoclonal €5/13 binds to a cross-reactive epitope
on dolphin class [T molecules,

In order to investigate the distribution of the
/13 epitope on dolphin lymphoeyte populations,
FEL from three subjects (Tt4%0M, TtE75F, and
Ti0438, 1 male and 2 females, were analyzed with
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Fig 1. SDEPAGE profiles of molecules immunoprecipitated
wilh class Ll—specific antibody Q513 from radiolabeled dete-
gent Iysates of PEL from Ti455 (lanes A D0 and TLO (lanes
B.E). For A rsen, nmunaprecipitates with the same anti-
bty amed o human B lymphoid cell line, LG-2, are shown (lanes
C L A-C, redueing conditions; D-F, non-reducing conditions,
Belevant part of suboridiogram is shown
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Fig 2. FACS wnalysces of PEL from indicated subjects, reactesd
with cither contrel antibody WESE Falbé, vs. human class 1
raglecules, o with class [T-specific moneclonal Q513 Fab2,
y-axis, cell number; xaaxis, fluorescence intensity (log seale),

5 L3 by Now evtometry. Fab? fragments from this
antibody were used to avoid binding to Fe recep-
tors, Maore than 88% of gated lymphocvtes from sub-
Ject TEA90M were strongly positive, compared to
lymphocytes labeled with monoclonal WE32 as a
negative control (Fig. 2), Tt675F and Tt043TF had
approximately #0% and 85%, reapectively, of their
gated lvmphoeytes shifted to pozitive (luorescence
from control, Although there were differences in the
degree of fuorescence among the three subjects (Fig.
21, these remained consistent on an individual basis
from experiment to experiment. On oceasion, slained
lymphocytes from TH043F rezolved in a hiphasie dis-
tribution, with the dull-staining cells amounting
to about 405 (not shown).

Reactivity of Q5/13 with three unrelated sub-
Jeots sugpested that the corresponding elass 11
epitope recognized by Lhis antibody could be mono-
morphic in dolphin, as it iz in human. This point
was further investigated by serological and hic-
chemical means.

PEL from a total of 18 apparently unrelated sub-
jeets were tested by indirect immunofluorescence,
and were all positive with ©5/13 (not shown). In
every casc, 100% of the PBL were stained, in agree-
ment with the flow eytometry results. In these same
experiments, three additional monoelonal antibod-
ies Lo human elass [T molecules were Lested, Q207T0,
Qats0, and Q5/6. Each ol these antibodies was poa-
itivie with most subjecta (not shown), bt only about
S0-B0% of lymphocytes were stained, perhaps due
to lower affinity of binding compared to Q5/13. A
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fromdnlphin PEL, intrinsically labeled with [ S methionine and imenn ragirecipatabed with
b G515, tothe fehaimalclasz= [ molacules , Blorantiserami5], to the inverinng chain
e linss I maolecules (00, Samples from bao subieets Ted TEM (A, Ciand TUI43F (B were ana-
Iyzed. The disgramol A depicts the correspondenes batween spotsand elass T aubanits, Mot
thedivergenee ol the {ehainspols betwsen Lhe bwo subjeds. The singl e commion groupef B spots

is bargered by nrrowheads

monaoclonal antibody to human class T molecules,
WEE2, was completely negative.

The cross-reactivity of =everal monoclonal anti-
bodies with the PBL of many unrelated dolphin sub-
jects raised the possibility that MHC class 11
molecules may not be polvmorphic 1o dolphin. We
tested thiz poesibility biochemically, by two-dimen-
sional (Lwo-100 gel electrophoresis of dolphin class
I roolecules immunoprecipitated by G813, T sub-
jects were investigated. Dolphin class [T molecules
display a two-D pattern similar to that of human
class IT{Fig. 31. The position of the invariant chain
ia non-polvmorphic, intracellular subunit of class
IT maolecules) (Nowell and Quaranta, "85) spots was
positively identified by immunoprecipitation with
the anti-invariant chain antiserum 351, The rela-
tive position of « and B subunits is indicated in the
figure, by analogy Lo man and mouwse, In both sam-
ples, the position of the o chain spota, and that of

one group of B chain spots, iz similar. The impor-
tant finding, however, iz that 11 additional spots
in the Tgd19M sample, present in the B chain
region, are not present in the T043F sample. Con-
versely, 4-5 spots in the Tt043F sample, probably
B ehaing, are not found in the Tgd 19M sample. These
differences are too large to be explained by meta-
bolic labeling differences, and atrongly suggest that
i dolphin the B chain of clazz 11 molecules iz
encoded by polymorphic alleles.

The finding that essentially 100% of peripheral
blood lymphocytes in dolphin are positive for class
Il molecules deserved further investigation, since
in most mammals elass I molecules are expressed
on B but not T Iymphooytes (1.e., only about 15%
of PEL). To clarify this point, first we had to gener
ate an antizerum capable of recopnizing specific-
ally dolphin immunoglobulinsg on B lsymphocytes,
To thiz end, dolphin immunoglobulins (DIg) were
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Figr. 4.  S15-PAGE profiles of punificd delphin immunoglab-
ulins before (lanes B, and after (anes C.F) pepsin digestion,
B.C. reducing eonsditions: EF, non-reducing conditions, Molec-
ular weight standards in A = 100, 86, 45, 50, ond 21EK; molec-
ular weight standardsin v = 300, 116, 100, 66, and 45K, The
gl wan 10% polyacrylarmide.

purilied az described in Materials and Methods.
SDS-PAGTE analysis (Fig. 4) indicated that this puri-
fied material resolved wnder reducing conditions
as two bands, with relative mazzes of 55,000 and
25,000 Daltona, These sizes are consistent with the
reported mass of heavy and light chains, respec-
tively, of immunoglobuling, Under non-reducing con-
ditions, the two bands migrated as a single band
at approximataly 150,000 Daltons, suggeating that
they are disulfide bridged, another property of
immunoglobulin heavy and light chains. The puri-
ficd material waz then treated with pepsin under
conditions previously shown to cause cleavame of
immunoglobulin molecules into Fab2 fragments.
SDE-PAGE analvsis showed that the pepsin digested
material migrated at M, = 30,000 under redoe-
ing and M, = 120,000 under non-reducing condi-
tions, consistent with size and disulfide bridging
of Fab2 fragments (Fig. 4). Bazed on these resulls,
we conclude that the material purified represents
a dolphin immuneglobulin fraction, probably of the
Ip(s class.

Fab# fragment2 were injected into rabbits, as
deseribed in Materials and Methods, In double-
immunadiffugion experiments, the resulting anti-
sera reacted with the purilied Igls preparation as
well a8 dolphin serum causing an identity line (Fig,
a3l Furthermore, immunoprecipitation of radiola-
beled dolphin PBEL detergont lysates indicated that

T A ROMANO ET Al

Fig. 5. ldentity lines formed between dolphin immunogloh
ulin antiserurn (center well) and dalphin seram 1 or [p-specific
dalphin serum (21 in 8 double-immunodiffusion aszsay.

these antisera reacted with molecules resembling
DIg, which migrated az a single band at the gel ori-
gin (M, = = 150.000) under non-reducing conditions
and upon reduction resolved into heavy (M, =
55,0000 and light (M, = 25,000} chains (Fig. 6.
These immunoprecipitated molecules probably rep-
resent B cell surfoce 1.

Taken together, these reaults indicated that we
had produced antisera specifie for dolphin immu-
noglobulins, which could be used to identify sur
face Ig-bearing B lymphocytes in Lhe peripheral
blood of dolphins.

To this end, Dlg-specitic antibedies were purified
from these anlisera by affinity chromatography over
immaohilized Dg, and to eliminate the possibility
of binding to Fe receptors, Pab2 fragmenta were
made from these purified preparations.

ml T . —
ESK = Rl
K =
A E e b E F
Fig, 6, SE-PAGE profiles of molecules imumumaprecipitadoed

with Dl g-apecific antizerum Qanes AN or class L —specific anti-
L f.,":':-.']lﬁ [liames B ar contrel normal rabbit serum | lanes
CL I from radiolabeled detergent ly=ates of PEL fomn suliject
T, a—C) reducing conditions D-F, non-reducing conditions
Helevant part of gel iz shown, ORI arigin of the HE]- The H“-'I
waz 12.5% acrvlamide, bo roeselvi Lhe light chains.
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Fig 7. FACS analyees of PEL from indicated subjects, reacted
with either control Fab2 from normial rebbil Tpl, orwith D
specific antibodies Fab2, Vertical axiz = cell numbsr; horizen-
tal axiz — fuorescenes ntensivy Cog 2calel,

FACS staining with the Dlg-specific Fab2 (Fig.
71 showed a positive PEL population between 10
and 15% in all three subjects tested, compared to
econtrol mormal rabbit Ip FabZ2. These results indi-
cate that in the dolphin, like many other mammals,
a low percentage of PEL are B lymphooyies and
therefore anggesta that the remaining dolphin class
H—positive cellz are probably T IvmphocyLes.

This was further investigated by two-color fluo-
rescence. Dolphin PEL were first stained with Dlg-
apecific Fab2 and FITC-conjugated rabbit Ig-specific
Fab#, followed by 5/13 and PE-conjugated mouze
Ig-specific Fab2, Contour plots from a representa-
tive experiment (cells from Ttd90M) are shown in
Figure 8. A small population of lvmphocytes 1z both
DIg and class [T positive, while a much larger pop-
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Fig. B, Contour maps of Te4900 FRL, dezble-stained with
clazs H-specific Q1A Fab2 (FL21 and Dlp-speeific Fabh2 {FL1)
Flunressancs 1= on a log seale,
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TABLE 1. Trigted thymidine incorporeiion feprl by PREL from
TefI0M inewbeted with indiceted coneenfrations of lecling

Mitogen Concentrntion? cpm®
Contral - 5 = 54
CanA® 5.0 pp'ml 03,486 + & G485
Cand’® 2.6 pEiml 63,052 = 8,013
ConA? 1.26 pgiml 2,647 = 2,790
Cantral — 320 = B3
PHA* 5.0 pgiml 51,696 = 2 460
PHA® .5 ppml 0,111 = 6,857
FHA* 1.25 pp/ml 445,200 = 4 058

'"Optimized in preliminary experiments,
<+ gandnrd deviation,

Lpncanavalin A

‘Phytehempgzhatinin A.

ulation is class 11 positive, g negative, The per-
centages are in cloge approximation (7% Dlg ', elass
I 9a5% Dlg -, elass [17) to the single histogram
statiatics obtained for the single labeling with Dlg-
apecific antibody and §5/13. Furthermore, in all
experiments with all subjects the DIg™ cells con-
giatently corresponded to the brightest staining with
class [I-specific antihodies. These results indicate
that while the T/B cell ratio in dolphin PEL may
be similar to that obeerved in other mammals, their
T lymphocytes may conatitutively express class 11
molecules.

Several antibodies to T cell markers were tested
with dolphin PEL, for the purpose of positive iden-
tification. None of the antibodies tried, however,
crogs-reactod. Inorder Lo demonstrate that our dol-
phin PEL preparation did in fact contain T cells,
we feated whether they would proliferate by culfur-
ing with the lecting PHA and ConA, tvpical T cell
mitogens in other vertebrale species. Table 1 shows
Lhat strong mitopenie stimulation was obtained with
both of these lectins, compared to control cultures,
suggesting Lthe presence of T cells in the dolphin
FBL preparations, probably correzponding to the
DIz, class I1™ population.

DISCUSSION

Dolphins belong to ane of only two orders of mam-
mals to have left the land Lo adapt Lo life in a total
aquatic environment. It is estimated that they left
land 35 to G0 million vears ago for the seas (Gingerich
et al., "B3), evolving in parallel with terrestrial mam-
mals, While it iz penerally accepted that cetaceans
evolved rom a primitive ancestor of insectivore
stock, there is some debate as to whether cetaceans
branched off from the carnivores or ungulates
[Elijper, 'G2). The purpose of this study was to inves.
tigate aspects of the cetacean cellular immune sys-
tem, namely the characteristics and expreszion of
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class [T molecules on dolphin PRL, and the percent-
age of T and B lvmphocvtes on dolphin PEL, while
drowing comparisons with homologous features in
terrestrial mammals,

In thiz study, a moneclenal antibody directed
against human class [T molecules, Q5/13, was found
Lo be cross-reactive with dolphin clazs 11 melecules
by several criteria: 1) in immunoprecipiiations G513
reacted with molecules that by SDE-PAGE analy-
ses closely resemble the helerodimeric composition
of human class Il molecules; 2) this structural sim-
larity was conlirmed by two-D gel electrophoresis,
which also showed the presence of the intracellu-
lar zubunit 11, and strongly suggezted the possibil-
ity that dolphin class 1T (3 chains, a8 in humans, are
genctically polymorphic; 31 Q5713 was reactive by
indirect immunofluorescence and flow cytometry
with dolphin lymphocytes,

In humans, the region of elass [T molecules roe-
opnized by Q5713 is located on the B subunit of
HLADR, -DP, and -D) molecules and 12 monomor-
phic. Q513 reacted with B0-99% of dolphin PEL
from 21 subjects tested, suggesiing thal as in hu-
mana, the 513 epitope 15 expressed at the cell aur
face and is monomerphic in dolphin as well. The
three other antibodies against human elass 1 mole-
cules that reacted with anly 50-80% FEL may have a
Iovvrer affinity for dolphin class [ molecules than @5/
13 or mav only recognize a population of class
IT molecules Lthat is dillerentially expressed on
lvmphocytes,

The Iact that Q57L3 reacted with 90-29% of dol-
phin PEL was surprising since in the beat charac-
terized immune systems, those of humans and mice,
class [I—positive PBLIE lymphooytes and monocyies)
are normally in the 10-20% range. To address this
1zsue, we produced antisera reactive with dolphin
immunoglobuling, which were capable of immune-
precipitating surlaee Ig from labeled dolphin PRL.
By immunostaining with these Dig-apecific anti-
bodies, [g-bearing B cells accounted for 10-15% of
our dolphin PBL preparations. By two-color fluo-
rescence, we were able to diztinguizh a Dlg ™, elass
IT7 population, accounting for 10-15% of the total
and corresponding to B eells, and a DMg , elass [17
population accounting for 35-90% of PBL. 1t 15
unlikely that this latter population reprezents mono-
evies, sinee these cells were exeluded from the FACS
analvais by gating based on size and granularity.
Furthermore, these PBEL preparations were strongly
atimulated by well-known T cell mitogens like PHA
and ConA, We therefore conclude that this cell pop-
ulation represents peripheral blood dolphin T cella
expressing class [ molecules,
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In the periphery, human T lymphocytes gener-
ally do not express class 11 molecules, but they
becorme class [T7 when activated (e.g., by mitogen
stimulation in vitre) (Kaufman et al., "84). Class 11
expreszsion is Ltherefore considered a marker for T
cell activation, It ia possible that, in dolphin, T lvm-
phooyies are in a state of confinuons activation, Life
in the aquatic environment may ke a contribuling
factor to such activation. In this respect, it may be
of interest that individual variability in the levels
of ¢lass 1 expression was observed. It 15 unlikely
thatl captivity itzelf could have influenced thiz
parameter, since we tested cighteen subjects from
three distinet environments, and in the apparent
absenece of infectionz pathology, [U would be desir
able to Lest blogd [rom subjects 10 the wild, how.
ever, to further clarify thiz point.

Alternatively, expression of class IT on periph-
eral T cells may reflect phyziological apecics diller
ences. A few siudies have reported an unusaally
high expression of class [T molecules on T lympho-
evtes in some land mammals. Thistlethwaite et al.
783} were the frst to demonstrate readily detecta-
ble class I expression on awine PBL, while Lunney
and Pescovite C8T) reported that CDE™ lympho-
cytes in awine express class [1 antigens. High
lewels of clazs 11 antigen expression have been dem-
onstrated in unstimulated PBL of the demestic cal
iMNeefjes et al., "86). Deeg el al. (82) reported that
most mature canine T lymphocytes express closs
I-like molecules, Theae studies suggest a similars
iLy in the immune system of dolphin and some carx
nivores (dog and cat) and ungulates (swinel, rather
than similarities with the human immune svatem,
Thiz is reazonable, since dolphins are thought to
have been evolutionarily related to the carnivores
or ungulates.

While our findings on the expression of class [1
maolecules give some support to both ideas that ungua-
lates and carniveres possibly have common ances-
try with dolphins, the findings with respect to B
lvmphoeytes were not so clear. Our identification
of Dlg" cells as B lymphocytes in dolphin blood
does not seem to immediately suggosl any groat
divergence in this aspect of the evolution of the dol -
phin immune ayatern despite the 5560 million years
of sepoarate development 1o the marine environment,
We found that B cells constituted 10-15% of dol-
phin PEL. This 1= within the range of percentages
fpund in other studies done with medern methods
similar to ours (e.g., in humans and rodents).

In this study, lvmphocytes were alao identified
by morphological criteria (l.e., size and granular
ityl among leukocytes 1solated by gradient centrif-
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ugation procedures originally developed in the
human svatem. While we made eflorts Lo optiomize
such procedures for dolphin, some intrinsic limita-
tions are obvious, While the bulk of the lvmpho-
cvtes was consistently evaluated in our FACS
analvacs, several other cell populations were delib-
erately mated out to simplify analyses, or might have
been missed, For inatance, in some eazes, o minor
population of large, non-granular, DIg ™, elass IT7
cells, presumably B cells, was observed. Obviously,
more work 15 needed (o understand Dully Tvmpho-
cvte subszets in dolphin. For future studies, it will
be desirable te oblain inununelogic reagenls capa-
ble of directly identifying dolphin T cells.

Hopelully, theze investigations will help to pro-
vide a better understanding of the properties of the
mammalian immune svstem, by uncovering aspects
of 1= evolutionary adaptation.
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